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(54) THIN-FILM MAGNETIC HEAD AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To obtain a smooth and compact permalloy soft magnetic core 
having a high initial permeability, at the time of attaching Ni~Fe alloy to the 
magnetic core of a thin-^film magnetic head with the use of plating, by using 
a rectangular-wave pulse current to specify the ratio of time to one period 
of the application time of electric current. 

CONSTITUTION: On a substrate 1 1 a lower magnetic film 2, non-magnetic 
insulating layer 3 being a magnetic gap, conductor coil layer 5 surrounded 
by a coil insulating layer 4, upper magnetic layer 7 and protective coat 8 are 
successively constituted into an inductive thin-film magnetic head. Then, 
plating is applied to a magnetic core layer constituting the head. A plating 
film is formed while a plating current has a density of 50mA/cm2 in peak 
height value and the ratio of time ton, during which the plating current is 
caused to flow, to time toff, during which the current is not caused to flow, 
is set at ton/(ton+toff)=0.2. Thus, a rate of plating can also be increased 
twice as much as that of an ordinary DC etectrodeposition or higher. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The conductor layer which the upper and lower sides are sandwiched by the nonmagnetic insulating layer and insulating 
layer used as a magnetic gap, is prepared on a lower magnetic layer and a lower magnetic layer at them, and forms a coil, It is the 
process of the head core which consists of a nickel-Fe alloy formed of the electrolytic plating of the thin film magnetic head 
based on the configuration which carried out the sequential configuration of an up magnetic layer and the protective coat layer. 
As a plating bath of a nickel-Fe head core alloy The rate of the ratio of concentration of the divalent ion of Fe to the divalent ion 
of nickel sets to 1/39 to 1/26. And the manufacture approach of the thin film magnetic head which the pulse current of the fixed 
period of a square wave is used for a plating current, and the time amount (ton) which passes a plating current and the time 
amount (toff) which does not pass a plating current carry out comparatively, and is characterized by being ton / <= (ton+toff) 0.5. 

[Claim 2] The conductor layer which the upper and lower sides are sandwiched by the nonmagnetic insulating layer and insulating 
layer used as a magnetic gap, is prepared on a lower magnetic layer and a lower magnetic layer at them, and forms a coil. It has 
the head core which consists of a nickel-Fe alloy which is the thin film magnetic head based on the configuration which carried 
out the sequential configuration of an up magnetic layer and the protective coat layer, and was formed of electrolytic plating. 
Said nickel-Fe alloy as a plating bath The rate of the ratio of concentration of the divalent ion of Fe to the divalent ion of nickel 
by 1/39 to 1/26 And the thin film magnetic head which the pulse current of the fixed period of a square wave is used for a 
plating current, and the time amount (ton) which passes a plating current, and the time amount (toff) which does not pass a 
plating current carry out comparatively, and is characterized by forming membranes by ton / <= (ton+toff) 0.5. 
[Claim 3] The manufacture approach of the nickel-Fe alloy film characterized by being [ of the time amount (ton) which the 
frequency of pulse current is 1kHz or less, and uses the pulse current of the fixed period of a square wave for a plating current, 
and passes a plating current, and the time amount (toff) which does not pass a plating current ] ton / <= (ton+toff) 0.5 
comparatively using the plating bath whose rate of the ratio of concentration of the divalent ion of Fe to the divalent ion of nickel 
is 1/39 to 1/26. 


[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is concerned with the thin film magnetic head used for the HDD equipment of a computer 

etc., and its manufacture approach. 

[0002] 

[Description of the Prior Art] In addition to a request and this of high density magnetic recording, from the demand of 
enlargement of the storage capacity of hard disk drive (HDD) equipment, it is required about the head that it should have the 
high-reliability over noise ** etc. with a high increase in power. Therefore, a raise in permeability and smooth film-ization with 
few defects are further needed also about the conventional permalloy magnetic-core film produced with an electrodeposition 
process. In the conventional direct-current electrodeposition technique, the improvement of the soft magnetic characteristics of 
a permalloy magnetic core has been tried by advancing smooth ebumation of an electrodeposited film; and removal of internal 
stress by making a surfactant, a stress relaxation accelerator, etc. add during a plating bath, respectively. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the nickel-Fe alloy ( permalloy alloy) plating core by the conventional 
direct current electrodeposition process, the initial permeability of an electrodeposited film be [ about 3000 ] an upper limit, and 
the defect of macroscopic electrodeposited films, such as incorporation of the air bubbles by hydrogen foaming and abnormality 
growth within a head core pattern, etc. often occurred, and technical problems, such as a fall of the manufacture yield of the 
component by this, and degradation of a head output, generating of the noise by constraint of a magnetic domain wail, occurred. 
[0004] 

[Means for Solving the Problem] As the manufacture approach of the highly efficient thin film magnetic head which has improved 
the above-mentioned technical problem, and its head core, by the thin film magnetic head and its manufacture approach of this 
invention The rate of the ratio of concentration of the divalent ion of Fe to the divalent ion of nickel uses the thing of 1 /39 to 
1/26 for the plating bath of a nickel-Fe head core alloy. And ( drawing 3 ) as shown, use the pulse current of the fixed period of a 
square wave for a plating current, and the time amount (ton) which passes a plating current, and the time amount (toff) which 
does not pass a plating current carry out comparatively. The soft magnetism film core formed by ton / <= (ton+toff) 0.5 is 
adopted as the magnetic head. 
[0005] 

[Function] In electrodeposition by the direct current, in supply according [ consumption by discharge of the cation of nickel2+ 
near the cathode and ** Fe2+ ] to diffusion, a **♦* * * »*** sake, the ion concentration and pH near the cathode differ from the 
thing of the whole bath greatly, and supply of this electrodeposted alloy ion is usually strongly concerned in the alloy 
presentation of the plating film, the crystal-face orientation membrane formation condition, etc. However, as by using for a 
plating current shows pulse current to ( drawing 3 ), even if the energization condition and energization idle state of a current are 
made, a supplement of the ion near the cathode becomes is easy to be performed by this energization idle state and it uses the 
same plating bath, the electrodeposited film by the usual direct-current plating is formed after an alloy presentation and crystal- 
face orientation have differed from the stress condition etc. 

[0006] Moreover, since the ion concentration near the cathode does not fall greatly, it can also raise the current density at the 
time of energization, and can also make MEKKIRE-TO improve. The impurity furthermore incorporated by the nickel-Fe alloy thin 
film compared with continuous discharge and a case also decreases, and magnetic properties, such as the permeability property 
of a magnetic core, also improve. 
[0007] 

[Example] The example of this invention is shown below. This invention relates to the process of the magnetic-core film of the 
thin film magnetic head based on a thin film configuration as shown in ( drawing 1 ). namely, the conductor which the upper and 
lower sides are sandwiched by the nonmagnetic insulating layer 3 and the coil insulation layer 4 which serve as a magnetic gap on 
the lower magnetic layer 2 and the lower magnetic layer 2, is prepared in them, and forms a coil on a substrate 1 — the 
sequential configuration of the coil layer 5, the up magnetic layer 7, and the protective coat 8 was carried out, and it considered 
as the inductive thin film magnetic head. The same effectiveness is expectable also with the various magnetic-reluctance mold 
heads using the thin film configuration of being fundamental ( drawing 1 ) as a base of a recording head. 

[0008] The bath centering on a sulfuric-acid bath system as shown in (Table 1) as a plating bath of a magnetic-core layer was 

used. 

[0009] 

[Table 1] 
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[0010] The time amount (ton) which passes a plating current, and the time amount (toff) which does not pass a plating current 
carry out comparatively, and ( dra win g 2 ) is 0.1, 0.2, 0.3, and 0.5. The relation between the alloy presentation (atomic %) of an 
electrodeposited film and initial permeability (1MHz value) by which membranes were formed at the time of adopting (namely, 1/5 
On-Time of a period) js shown. All used the bath 1 of (Table 1 ) as a plating bath. As plating current density, each was with the 
10Hz square wave by 50 mA/cm2 (peak height value). 

[0011] The time amount (ton) which passes a pulse plating current and the time amount (toff) which does not pass a plating 
current carry out comparatively using the plating bath of the above (Table 1 ) of the place which the property of the nickel-Fe 
alloy film by direct-current electrodeposition membrane formation of the former [ continuous line ] and a broken line depend on 
this invention, and it is ton / = (ton+toff) 0.2. Membranes are formed. 

[0012] h turned out that higher initial permeability is obtained in the broader alloy presentation range in the thin film for head 
cores by pulse electrodeposition of this invention as compared with the nickel-Fe film of the conventional direct-current 
electrodeposition. An inner alternate long and short dash line and a two-dot chain line are 0.1 and 0.3 similarly ( drawing 2 ), 
respectively. The property of the electrodeposited film which formed membranes with the resistance-welding-time ratio to a 
period is shown. Moreover, although the range which indicates high permeability slightly to be the result of direct-current plating 
of a continuous line with a significant difference about the thing of 0.5 spread, about the electrodeposited film of ********** f 
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there was especially no effectiveness as which the alloy presentation dependency of initial permeability adopted pulse plating in 
accordance with the thing of direct-current electrodeposition of a continuous line ( drawing 2 ) about^0.5. At the result of having 
investigated the crystal stacking tendency of an electrodeposited film, the structure to which the priority plane orientation of a 
field progressed a little (111) was checked by the pulse electrodeposited film of 0.5 or less ratio to the almost same priority plane 
orientation nature (111) (both plane orientation and (100) plane orientation being intermingled) having been shown by the pulse 
electrodeposited film from the direct-current electrodeposited film to the energization ratio 0.5. 

[0013] The peculiarity of this invention of 0.5 or less energization ratio of ( drawing 2 ) appeared corresponding to this, 
furthermore ( drawing 2 ), resistance-welding-time ratio a predominance with 0.5 or less direct-current electrodeposited film — a 
bath 2 and baths 3 and 4 — having — it is ( drawing 2 ) — it has checked also about the electrodeposited film which was made 
to acljust an alloy presentation similarly and was obtained. The rate of the ratio of concentration of the divalent ion of Fe to the 
divalent ion of nickel of the plating bath from the bath 1 of (Table 1) to a bath 4 is from 1/39 to the appearance described also in 
Table 1 Inside. It is equivalent to 1/26 of range. 

[0014] ( Drawing 4 ) uses the film which produced the energization ratio as 0.2, and compares with the input-output behavioral 
characteristics (b) of the head of the same specification which produced the input-output behavioral characteristics (a) which 
produced and evaluated the thin film inductive head of the specification of (Table 2) using the conventional electrodeposited film. 


:ooi5] 

[Table 2] 
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[001 6] The high increase in power of a head was checked compared with the case where the same conditions of the (Table 2) 
and this specification head of (b) estimate corresponding to the initial permeability property having improved as ( drawing 2 ) 
showed. 
[0017] 

[Effect of the Invention] When using this invention, the smooth precise permalloy soft magnetism core thin film with high initial 
permeability was obtained, the output could be high, and the thin film magnetic head which has high-reliability with few noises 
could be obtained, and the plating rate was also able to be carried out more than [ of the usual direct-current electrodeposition ] 
twice. 

[0018] Since the range of a film presentation where 1000 or more good nickel-Fe alloy thin films are obtained for initial 
permeability required in order to acquire the property of sufficient magnetic head is wide, there is also little fluctuation of the 
magnetic properties of the nickel-Fe alloy thin film by presentation distribution, it is stabilized and the good thin film magnetic 
head with a high output can be manufactured. 


[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] The block diagram of a making [ apply ]-this invention thin film head 

[Drawing 2] The graph which shows the relation between a film presentation and initial permeability 

[Drawing_3] The square wave form Fig. of one period of a pulse plating current used for this invention 

[Drawing 4] (a) is drawing showing the input-output behavioral characteristics of the thin film magnetic head by this invention, 
(b) is drawing showing the input-output behavioral characteristics of the conventional head of the same specification. 
[Description of Notations] 

1 Substrate 

2 Lower Magnetic Layer 

3 Nonmagnetic Insulating Layer 

4 Coil Insulation Layer 

5 Conductor — Coil Layer 

7 Up Magnetic Layer 

8 Protective Coat 
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DRAWINGS 


[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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